IN VITRO EFFICACY OF BRACKET FUNGI FOR THEIR POTENTIAL ANTIMICROBIAL ACTIVITY
Considering the previous research reports on this antimicrobial aspects of Ganoderma lucidum and other species of bracket fungi and the fact that there is little or very scarce work on the antimycotic and antibacterial activities of extracts of G. lucidum and Polyporous officinalis, the present work was undertaken with an aim to find out the antimicrobial potential of these two bracket fungi against phytopathogenic fungi and bacteria through in vitro approach.
MATERIALS AND METHODS

Material collection
The fresh fruiting bodies of bracket fungi were collected from forest area near Solan district (situated between 76.42 and 77.20 degree East longitude and 30.05 and 31.15 degree north latitude) of Himachal Pradesh, India and sample was identified and confirmed with the help of Fungal Herbarium/Museum at National Centre for Mushroom Research and Training at Solan, Himachal Pradesh and Department of Plant Pathology, University of Horticulture and Forestry, Nauni, Solan, Himachal Pradesh, India.
Preparation of aqueous extracts
Aqueous extracts were prepared by adding 0.01g of dried powdered fruit bodies of Ganoderma lucidum and Polyporus officinalis in 10 ml of distilled water. The aqueous extract containing cellular debris was filtered through a fine muslin cloth to get a fine aqueous extract and then centrifuged at 1000 rpm and the supernatant was filtered through the vacuum filter unit to remove any pathogenic fungi or bacteria and then transferred to a sterilized glass container. It was considered as pure 1000 ppm solution and leveled as stock solution and from which respective concentrations (500 ppm and 250 ppm solutions) prepared by adding required amount of distilled water. These extracts were used for further investigation.
Preparations of ethanolic extracts
These were also prepared in the similar way as mentioned above but ethanol was used instead of distilled water.
Test pathogenic fungi used
Efficacy of fruiting bodies of two bract fungi as mentioned above on the four fungi i.e. Aspergillus terreus, Alternaria solani, Fusarium oxysporum and Cavularia lunata were investigated by using standard method (Nene and Thapliyal, 1993).
Determination of antimycobiotic activity
For each fungi i.e. Alternaria solani, Aspergillus terreus, Curvularia lunata, Fusarium oxysporum three Petri plates were used. The technique used was poisoned food technique (Parkash et al., 2005). All the glassware in use, are sterilized properly by autoclaving for 15 min at 121 °C. Medium was poured in the Petri plates mixed with different concentrations (i.e. 1000ppm, 500ppm, 250ppm and control) of sample extracts under sterile conditions. Mycelia disc were taken from pure cultures of test fungi previously grown on PDA and were placed in the centre of the plates aseptically. Suitable negative control was also kept where the mycelia disc were grown under same conditions on PDA medium without supplementation of any sample compound. For positive control, Actidion (Cycloheximide) at 1000 ppm (0.01%) was used in the medium as standard antifungal drug for comparison of antifungal action. The plates were grown at 27 °C. The efficacy in each case was determined by measuring the additional mycelial growth each time after a proximal three days. The radial growth of the colony was measured in four directions at right angle to each other and average was taken. The percentage inhibition of the fungal extract was calculated by using formula:
where C is control and T is treatment. Data was also analyzed statistically for SEm and CV. The experiment was carried out in triplicate replications
Test bacterial strains used
The bacterial strains used were Bacillus subtilis (APR-4) and Escherichia coli (EC-1). These bacterial strains were procured from Kurukshetra University, Kurukshetra and Himachal Pradesh University, Shimla and were maintained on nutrient agar for further experiment.
Determination of antibacterial activity
The antibacterial susceptibility test was carried out using agar well diffusion test (Perez et al., 1990). The bacteria were cultured overnight at 35 °C in nutrient agar (Zhang et al., 2004) . The final cell concentrations of bacterial rods were in the range of 10 6 -10 7 CFU ml -1 . The activity was checked against two pathogens i.e. Escherchia coli (EC-1) and Bacillus subtilis (APR-4) and quantified using MIC (Minimum Inhibitory Concentration). Four nutrient agar plates (two for ethanolic and aqueous culture of each bacterium) were prepared and the media was made to settle down for 10 minutes. Wells were punched in the plates with the help of borer of size 8mm to have uniform wells but the medium was not removed. The bacterial culture of respective strains were spread on the nutrient agar medium with the help of cotton swab and left for 5 minutes. Later, the medium from the wells was removed and the aqueous and ethanolic extracts of different concentrations (i.e.1000ppm, 500ppm, 250ppm) were poured into the different wells in the respective Petri plates with the help of micropipette. No extract was added in to the negative control well. For positive control, Ciprofloxacin (0.05% = 500ppm) was used in a single well as standard antibacterial drug for comparison of antibacterial action in a separate Petri plate. The plates were incubated at 37 0 C for overnight and inhibition zone were recorded. The effect of fungal extract was expressed in terms of average diameter of the zone of inhibition measured in millimeter. Each test was carried out in triplicate replications.
RESULTS AND DISCUSSION
Effect of Ganoderma lucidum (ethanolic extract) on test fungi
There was complete inhibition of mycelia growth at 250ppm, 500ppm, 1000ppm for Alternaria solani. Aspergillus terreus, Fusarium oxysporum were also completely inhibited at 1000ppm and 500ppm but minimum inhibition observed at 250ppm; whereas Curvularia lunata was also completely inhibited at 1000ppm and 500ppm and 250ppm concentration. In control sets, however no fungal or mycelia inhibition was observed. 
Effect of Ganoderma lucidum (aqueous extract) on test fungi
In case of Alternaria solani, minimum mycelial inhibition was observed at 250ppm, 500ppm and maximum at 1000ppm whereas Aspergillus terreus was not completely inhibited at any concentrations. A minor mycelial inhibition percent was observed in case of A. terreus but Curvularia lunata and Fusarium oxysporum were completely inhibited at 1000ppm, 500ppm and 250ppm. 
Effect of Polyporus officinalis (ethanolic extract) on test fungi
In Alternaria solani and Aspergillus terreus there was a complete mycelia inhibition observed at 1000ppm and minimum inhibition was observed at 500ppm, 250ppm concentrations respectively. Whereas Fusarium oxysporum had maximum mycelia inhibition at 1000ppm and 500ppm followed by 250ppm concentration but Curvularia lunata was completely inhibited at 1000ppm, 500ppm and 250ppm concentrations. 
Effect of Polyporus officinalis (aqueous extract) on test fungi
In case of Fusarium oxysporum, Curvularia lunata and Alternaria solani, there were maximum mycelia inhibition observed at 1000ppm conc. while minimum mycelia inhibition was observed at 500ppm, 250ppm concentrations respectively.
Whereas a little mycelia inhibition was observed at 1000ppm conc. but there was very little mycelial inhibition observed at 250ppm, 500ppm concentrations respectively. 
Effect of Ganoderma lucidum (ethanolic and aqueous extracts) on test bacteria
The minimum inhibitory concentration (MIC) was analyzed for aqueous and ethanolic extracts against two bacterial strains Bacillus subtilis (strain APR-4, Gram positive) and Escherichia coli (EC-1, Gram negative). The antibacterial action of ethanolic extract of G. lucidum was observed against E. coli having inhibitory zone (0.09 mm) at 1000 ppm concentration and B. subtilis had inhibitory zone (0.05mm) at 250 ppm concentration respectively. The aqueous extract of G. lucidum had shown zero antibacterial activity/potential against E. coli and B. subtilis at any test concentrations. 
Effect of Polyporus officinalis (ethanolic and aqueous extracts) on test bacteria
The ethanolic extract of P. officinalis showed a maximum inhibitory zone (10mm) at 1000 ppm concentration for E. coli and a remarkable inhibitory zone (0.2 mm) at 250 ppm concentration for B. subtilis. While an inhibitory zone (0.3 mm) was observed in E. coli at 250 ppm concentration of aqueous extract; no inhibitory zone was observed for B. subtilis at any concentration of the aqueous extract of P. officinalis. Table -7) . But relatively antibacterial activity was low in sample extracts in comparison to standard positive control drug. 
